Ten spinal cord injured patients aged 8 to 55 years (mean 32) were followed for up to 2 months after admisssion to a rehabilitation setting from an acute care hospitaL Urinary fluid and bladder epithelial cells were collected weekly by intermittent catheterization and examined for bacterial colonization, Six patients had no history of urinary tract infection upon admission, likely due to the antimicrobial coverage given during acute care, All the patients subsequently became colonized with uropathogens at some time during the study period, Bacterial biofilms were found in 73% of the samples (73% Gram negative organisms, 27% Gram positive), with mean pathogenic adhesion counts of 29 organisms per bladder celL In 16% of cases, bladder biofilms were found when urine culture was negative, Bacterial biofilms were also evident during anti microbial therapy in 10 of 12 samples tested and urine cultures showed breakthrough infections in 50% of cases, Two asymptomatic patients were colonized with Klebsiella pneumoniae and Pseudomonas aeruginosa and were dismissed without requiring therapy, Clearly, bacterial biofilms can exist on bladder epithelia, without being detected in urine samples and without giving rise to symptoms, The extent to which they occur and damage the host remains to be determined, as does the answer to the question, should these patients be treated?
Introduction
Urinary tract infections (UTI) still remain a major cause for concern, particularly amongst adult females, acute and chronic care patientsl-3 and spinal cord injured (SCI) patients,4 Although the treatment of symptomatic UTI is reasonably well man aged with administration of antimicrobial agents,5 the approach to asymptomatic in fections is more controversiaL Often, only symptomatic infection with more than 1000 to 100,000 organisms per ml urine is deemed significant and worthy of therapy, 5, 6 The finding of similar numbers of uropathogens in the bladder without symptoms is invari ably left untreated to prevent emergence of drug resistant organisms or strains that somehow might induce symptoms,
The pathogenesis of UTI has been shown to involve the adhesion of uropathogens onto uroepithelial cells.7 One in vitro study showed that strains from symptomatic pati ents could adhere to bladder cells in larger numbers and that those from asymptomatic patients were poorly or non adherent. 8 Once attached, the organisms aggregate and form biofilms that can serve as a focus for persistent infection and that can resist the action of antimicrobial agents,
9,10
The hypotheses of the present study were: (a) that adherent bacterial biofilms formed in the bladders of spinal cord injured pati ents who required catheterization; (b) that these biofilms need not correspond to urin ary culture findings; and (c) that they could resist the action of antimicrobial agents.
Patients and methods
Ten patients with SCI provided written consent to participate in the study, after approval of the protocol by the Parkwood Hospital, London, Ontario and University of Western Ontario Health Review Boards. These SCI patients were all managing their bladder by intermittent catheterization. The study was commenced within 6 months of the occurrence of their injuries. Information on the patients is provided in Table I .
Each Monday for up to 2 months, the patients provided a sterile urine specimen via an intermittent urinary catheter. The sample was split into 2 beakers; one was sent for routine microbiological culture quantitation, while the other was centri fuged and the sediment bladder cells were air dried, Gram stained and examined for adherent Gram positive and Gram negative bacteria. Fifty cells were counted per sam ple and mean adhesion counts were tabu lated.
Results
The average study time for the 10 patients was 6.7 weeks, as 4 patients were discharged prior to the end of the 2 months. A total of 49 samples were taken, with occasional gaps during the time course due to difficulties with coordinating the patient specimens and delivery for testing. Within this time, all 10 patients developed bladder colonization, signified by urine culture (all were > 105 Scanning electron microscopy illustrated the extent of dense biofilm formation adher ent to the bladder cells of one patient with K.
pneumoniae asymptomatic infection (Fig 1) . The Klebsiella produced strand-like glycocalyx material that linked the organ isms together even while in planktonic form suspended in the urine (Fig 2) . Interest ingly, coccal organisms (found by culture to be coagulase-negative staphylococci) were found coaggregating with the Klebsiella within the adherent biofilms, yet they were low in number in the urine (Fig 1) .
Discussion and conclusions
This study demonstrated several particularly interesting findings. Firstly, adherent bact erial biofilms were found to occur on the bladder epithelium of 10 SCI patients at some point during a one to two month period. The range of adhesion counts and standard deviations from the mean are typical of results found previously. 11 , 12 However, the adhesion counts were higher than those previously regarded for uro pathogens on cells of patients who are asymptomatic. 8 This would suggest that (a) more receptor cells might exist on the bladder cells of spinal cord injured patients; (b) more receptors might exist on the surfaces of cells from adult males (as 7 of the 10 patients were, compared to Svanborg's premenopausal female sampling); or (c) previous in vitro adhesion data does not correlate with in vivo findings where high levels of bacterial adhesion can be found in asymptomatic patients. Our proposition is that at least the third of the three hypothe ses is correct, based upon the latest findings and a previous study of adult females which
showed that E. coli adhesion counts in vivo could range from 5 to 82 bacteria per cell, even when the patients were symptomatic. 1 3 The fact that the urine culture did not detect bladder colonization in several instances supports the concept that planktonic organ isms are not always detached from biofilms in sufficient numbers to be detected. It also supports the role that adherent biofilms play in the infectious process, especially in recur rences.9.14 The photomicrograph was par ticularly effective in demonstrating a dense uropathogenic biofilm on the cells of an asymptomatic patient (Fig 1) and within the patient's urine (Fig 2) . pneumoniae.
The biofilms appeared to have been resistant, to some extent, to the action of antimicrobial agents, including co-trimoxa zole and nitrofurantoin which are commonly used to treat UTI. 5 This is deduced from the finding of viable biofilms during therapy and the well documented knowledge that adher ent biofilms can resist high levels of antimi crobial activity. 9 It should be noted that the susceptibility tests performed by the micro biology laboratory on planktonic urinary isolates indicated that the pathogens were sensitive to the antimicrobial agents pre scribed. However, when these same organ isms existed in biofilms, they were able to resist the action of the prescribed drugs. This further emphasizes a need to improve our diagnostic techniques to enable the physician to better treat the patient.
Recent studies, however, have shown that 'young' biofilms (under 2 days old) may not have developed a dense glycocalyx matrix and a mechanism to resist antimicrobial action. 1 s Thus, the successful eradication of biofilms in 50% of the treated patients may have been due to the presence of these young biofilms. The types of organisms isolated here were not different from those reported by Kuhn and associates 1 4 who examined in great depth the effect of intermittent self catheter ization on infection. The finding of 35% E. coli is much lower than the 60-80% found in simple acute UTI in otherwise healthy adult females. Rather, it would appear to reflect a pattern found with complicated UTI, especially in hospital settings. 1 6
Urinary tract infections still remain a problem in SCI patients and the policies for antibiotic therapy are a matter of discus sion.4• 1 7 The one scenario not addressed here but still a matter of controversy is what Figure 2 Scanning electron micrograph of urine sample from spinal cord injured patient with symptomatic urinary tract infection caused by K. pneumoniae. Although these organisms formed biofilms adherent to bladder cells, they also existed in non attached aggregated biofilms suspended in the patient's urine, as seen in this micrograph. The strand-like glycocalyx matrix is evident binding the cells together. A few coccal organisms (found on culture to be coagulase-negative staphylococci) can be seen on this micrograph and were also evident on adjacent fields of view.
bladder colonization and significant bac teriuria means when the patient is asympto matic. For example, 2 patients were colon ized by pathogenic K. pneumoniae and Ps.
aeruginosa, yet did not then develop symp toms within the study period. The fact that the types of bacteria changed in patient no 7 between weeks 4 and 6, and that the bladder of patient no 11 apparently cleared the adherent organisms between weeks 1 and 3, then weeks 4 and 5, suggests that the process is complex and must inevitably have something to do with host factors.
In conclusion, examination of bladder cells can be useful in detecting uropathogens especially when urine samples from SCI patients may be difficult to obtain or open to contamination. The finding of biofilms on the bladder of symptomatic patients, after therapy has been administered, should indicate that higher levels of antimicrobial agents are required, or drugs with better biofilm penetration ability such as ciproflox acin (Preston, Khoury, Reid et ai, manu script submitted) should be given. However, the question of whether antibiotics should be used at all in asymptomatic bacteriuria remains another topic of discussion.
